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of sulfuric acid and 50 mL of methanol were added. After an additional 24 hr of refluxing the reaction appeared complete by TLC (eluent toluene). The reaction was diluted into 700 mL of CH 2 Cl 2 and was added to 1 L of saturated aqueous sodium bicarbonate into a 2 L beaker with stirring. Solid sodium bicarbonate (Fisher Scientific) was added until the aqueous layer no longer evolved carbon dioxide at which point the layers were separated. The organic layer was dried over anhydrous magnesium sulfate (Fisher Scientific) and the solvent was removed in vacuo. Silica column chromatography (eluent toluene) afforded 43.40 g (93.4%) of the methyl 1-hydroxy-4-methoxy-2-naphthoate as a pale green solid. NMR 1 H (500 MHz) δ 3.97 (s, 3H), 4.00 (s, 3H), 7.02 (s, 1H), 7.57 (t, 1H, J=7.5 Hz), 7.63 (t, 1H, J=7. 
Methyl 1,4-dimethoxy-2-naphthoate (2). (For alternative method see
2 ) 35.5 g (153 mmol) of methyl hydroxynaphthoate 1 was dissolved in 155 mL of anhydrous DMF. To the solution was added 35.5 g (257 mmol, 1.67 eq) of K 2 CO 3 (Fisher Scientific) with stirring. Iodomethane (58 mL, 929 mmol, 6 eq) was added and the reaction was refluxed for 48 hours at which point TLC analysis (eluent toluene) showed that the reaction was complete. The reaction was diluted into 1L ethyl acetate and extracted three times with 1L water, and once with 1L brine. The organics were collected and the solvent removed in vacuo. After chromatography (eluent toluene) the trimethyl naphotoate 2 was obtained in 90% yield (33.9 g) as a beige solid. 
1,4-Dimethoxy-2-hdroxymethylnaphthalene (6). (For alternative method see
3 ) Methyl naphthoate 2 (33.9 g, 138 mmol) in 200 mL anhydrous THF was added dropwise to a stirred suspension of LiAlH 4 (15.7 g, 414 mmol, 3 eq) in 100 mL anhydrous THF at 0°C. The reaction was allowed to warm to room temperature and was stirred for 2 hours. The reaction was quenched by the dropwise addition of 700 mL of saturated sodium S3 potassium tartrate and stirred overnight. The resulting mixture was diluted with 2L ethyl acetate and was extracted twice with 1L water and once with brine. 
1,4-Dimethoxy-2-bromomethylnaphthalene (7). (For alternative method see
3 ) Hydroxymethyl naphthalene 6 (34.6 g, 159 mmol) was dissolved in 200 mL CCl 4 and cooled to 0°C. PBr 3 (22.4 mL, 238 mmol, 1.5 eq) in 70 mL CCl 4 was added dropwise to this solution. The reaction was stirred for 30 minutes at 0°C and for 1.5 hours at RT. The reaction was quenched by the dropwise addition of saturated aqueous sodium bicarbonate until evolution of CO 2 ceased. The mixture was diluted with 2L CH 2 Cl 2 and extracted three times with 1L saturated aqueous sodium bicarbonate, and then with brine. Collection of the organic layer and removal of the solvent in vacuo yielded the product aryl bromide 7 (44.6 g, 95.8%) as a tan solid. This product was unstable and was used immediately in the next reaction.
N-(Diphenylmethylene)-glycine tert-butyl ester (8).
(From 4 with modifications) Tertbutyl 2-bromoacetate (33 mL, 223 mmol) was dissolved in 200 mL acetonitrile. To this solution was added benzophenone imine (37 mL, 223 mmol, 1 eq) and diisopropylethylamine (39 mL, 223 mmol, 1 eq). The reaction was refluxed overnight and diluted into 2L CH 2 Cl 2 . The organic layer was washed twice with water, and once with brine. The organic layer was collected and the solvent removed in vacuo. After chromatography (silica, eluent 9:1 hexanes/ethyl acetate with 1% triethylamine) the product 8 was obtained (57 g, 88%) as an off-white solid.
N-(Diphenylmethylene)-L-1,4-dimethoxy-2-naphthalanine tertbutyl ester (3)
. N-(Diphenylmethylene)-glycine tert-butyl ester (8) (36.0 g, 122 mmol), O-allyl-N-(9-anthracenylmethyl)cinchonidinium bromide (7.38 g, 12.2 mmol, 0.1 eq), CsOH•H 2 O (204.54 g, 1220 mmol, 10 eq) were suspended in toluene at -20 °C (ethylene glycol/dry ice bath) with overhead stirring. To this suspension was added dropwise aryl bromide 7 (36.0 g, 125 mmol, 1.02 eq) in 200 mL toluene. The reaction was stirred until TLC analysis indicated completion (eluent 9:1 hexanes/ethyl acetate with 1% triethylamine) after 6 hours. The reaction was poured into 1.5 L H 2 O and partitioned between the aqueous layer and 1 L diethylether; a precipitate of the catalyst formed between the two layers and was collected with the aqueous layer. The organic layer was washed with 1 L H 2 O and 1 L saturated aqueous sodium chloride and the solvent was removed in vacuo. The collected aqueous layers were extracted three times with 500 mL methylene chloride to dissolve the cinchonidinium catalyst which was further purified as in [REF] . The collected organic solids were dry loaded onto silica in methylene chloride with 1% triethylamine. After chromatography (silica, eluent 19:1 hexanes/ethyl acetate with 1% triethylamine followed by 9:1 hexanes/ethyl acetate with 1% triethylamine) 51.85 g (86%) product 3 was obtained as a slightly yellow solid. L-1,4-dimethoxy-2-naphthalanine hydrochloride (4). To 14.4 g (29 mmol) of the protected amino acid 3 was added with stirring 10 mL (119 mmol, 4 eq) ethane dithiol (Sigma-Aldrich) and 60 mL trifluoroacetic acid in quick sucession. The reaction was stirred for two hours at which point it was diluted to 2L with water and extracted with 2L 9:1 Hexanes/Ethyl acetate to avoid extraction of the free amino acid into the organics. The organic layer was extracted with 1L 1.5 M aqueous HCl until it no longer appeared to have free amino acid by TLC (eluent 9:1 Hexanes/Ethyl acetate; free amino acid remains at the origin and fluoresces a characteristic blue under UV illumination). The aqueous layers were combined and solvent was removed in vacuo. The resulting solid was redissolved in 1.5 M HCl and the solvent was once again removed in vacuo affording 8.9 g (98.2%) of the product 4 as a white solid. NMR in D 2 Determination of Enantiomeric Excess. Enantiomeric excess was determined using a Daicel Crownpak CR(+) analytical HPLC column. A solution of 4 in 15% (v/v) aqueous methanol with 0.1% TFA was applied to the column and eluted using the same solvent. The eluent was monitored at 240 nm. Integration of the peaks resulting from the two enantiomers was used to determine the ee of 93%.
Fmoc-Naq(OMe/OMe)-OH (5). 11.3 g (35.7 mmol) of the amino acid hydrochloride 4 was dissolved in 145 mL DMF. To this stirred solution was added 3 g (35.7 mmol, precisely 1.0 eq) of sodium bicarbonate. The reaction was heated to 60°C and N-(9-Fluorenylmethoxycarbonyloxy)succinimide (13.2 g, 39 mmol, 1.1 eq) was added. After stirring at 60°C for 3h, the reaction was poured into 2L water and extracted twice with ethyl acetate 1L. The organics were combined and extracted twice with 2L water and once with 1L brine. The organics were collected and the solvent removed in vacuo. The crude product was dry loaded onto silica for chromatography. After purification (silica column chromatography, eluent 2:1 hexanes/ethyl acetate with 0.1% acetic acid, followed by 5% methanol in methylene chloride), the product Fmoc-Naq(OMe/OMe)-OH was obtained as an off-white solid in an 85% yield (15.1 g c was synthesized on a Pioneer Peptide Synthesis System using standard Fmoc chemistry (protected natural amino acids from Novabiochem) with HATU/HOAt (Genscript Corporation) as the coupling reagents (4.0 mol equivalents of activator/Fmoc-amino acid) on PAL-PEG-PS resin (Applied Biosciences). After cleavage and deprotection of the natural amino acids (Reagent R: 90:5:3:2 TFA/Thioanisole/Ethane Dithiol/Anisole) under argon, the resin was filtered and washed with 10 mL TFA (3x). The TFA was removed in vacuo, and the crude peptide precipitated with cold methyl tert-butyl ether. The precipitate was collected and taken up into 20% B (acetonitrile with 0.1% TFA) in A (water with 0.1% TFA). After HPLC (eluent gradient 20% B to 25% B in A over 50 min), the peptide PDPJ(OMe/OMe)PDQ was obtained and its mass confirmed by MALDI-TOF (expected: 924, found: 924).
Determination of Molar Absorptivity. Dry heptaNaq(OMe/OMe) was dissolved in pH 7.4 buffer (100 mM sodium phosphate) at various concentrations; absorbance spectra of solutions known dilution of these samples were taken. The concentrations of nitrogen in the original solutions and the buffer were determined by Kjedahl Analysis at Galbraith Laboratories, Inc. The molar absorptivity (ε) at 280 nm is ~3070 M -1 cm -1 and at λ max (301 nm) is ~5060 M -1 cm -1 .
Naq Deprotection. HeptaNaq(OMe/OMe) was dissolved in enough 0.1 M aqueous TFA to make a solution of about 1 mM as determined by absorbance. 2.1 equivalents of cerium(IV) ammonium nitrate (CAN) was added in an equal volume of 0.1 M aqueous TFA and the solution briefly vortexed to mix. The mixture was allowed to sit on ice for 1 minute, at which point it was diluted to 5 mL with 0.1M TFA. The reaction was incubated on ice for an additional 20 minutes before the deprotected peptide was purified on HPLC (eluent gradient 20% B to 70% B in 50 min). HeptaNaq (PDPJPDQ) was obtained after removal of the solvent in vacuo and its mass confirmed by MALDI-TOF (expected:893, found: 893). Solid heptaNaq was dissolved in ddH 2 O, aliquoted into stocks, and flash frozen.
Spectroelectrochemistry.
A schematic representation of the electrochemical cell that was used for the spectroelectrochemistry experiments is depicted in Figure 3 . The cell consisted of two 2 x 1 cm gold slides, a Ag-AgCl electrode (Mircoelectrodes Inc.) and a Pt slide, used as working, reference and counter electrodes, respectively. The gold slides were in electrical contact via a gold wire placed in between them and located on the top cell while a piece of Teflon (1.0 mm thick) was used on the bottom. The Pt slide was separated from the working gold by a Teflon block with a thickness of 2.0 mm. A Pt wire with a flattened tip was squeezed in between the Pt slide and the Teflon block and used as an electrical lead. The tip of the Ag-AgCl microelectrode was held on top of the c The obsolete Ancient Greek letter Qoppa (J) was chosen as the one letter code for Naq.
S7
Teflon block as close as possible to the surface. The typical sample volume that was used in the cell was 200 -300 μL. Most of the sample was located in between the gold slides while the remaining solution made contact with the other two electrodes. The electrochemical cell was positioned in the spectrometer so that the UV/vis light beam was centered in between the two gold slides containing the majority of the sample. Spectroelectrochemical potentials were set using a BAS 100B workstation potentiostat (Bioanalytical Systems, Inc., W. Lafayette, IN). To prevent protein aggregation on the gold surface of the working electrode, the slides were coated with 1-mercapto-6-hexanol. Gold slides are polished with 0.05 μm alumina and rinsed with deionized water, followed by soaking in an ethanol solution containing 2 mM of 1-mercapto-6-hexanol for a period of 24 hours. During the measurements, the solution was kept under oxygen-scrubbed argon atmosphere. The samples all contained approximately 50 μM peptide diluted from the stocks using buffered solutions at a variety of pHs and 5 μM each of the mediators indigotrisulphonate (ITS; E m, pH 7.0 -90 mV), pyocyanine (PYO; E m, pH 7.0 -34), and phenazine ethylsulphonate (PES; E m, pH 7.0 55 mV). Spectra were collected on a Perkin Elmer Lambda 35 UV/Vis spectrometer in the 230 to 600 nm range at 20 ºC. For each potential step, various spectra were acquired until no change was further observed, i.e. until equilibrium was reached; experiments were preformed in both the reductive and oxidative directions with each sample with no apparent irreversibility over the pH range examined. The time interval between potential steps ranged anywhere from 5 to 20 minutes. The normalized difference in absorbance between 243 nm and 252 nm as a function of redox potential was fit to eq. 1 with Kalaidegraph 4.0 (Synergy Software, Reading PA), derived from the Nernst equation:
Where O is an offset (approximately 0); Δ is the total change in fraction reduced (approximately 1); E h is the applied potential; E m is the measured midpoint potential; 58 S8 mV is the thermal factor (RT/F * ln(10)) at 20 ºC; 2 is the number of electrons (allowing the number of electrons to float did not significantly improve the fits). Solutions at a variety of pHs all contained 100 mM KCl and 20 mM respectively of citric acid (pH 5.22), MES (pH 5.97), PIPES (pH 6.79), HEPES (pH 7.52), and CHES (pH 8.33).
Spectroelectrichemical titration of 2-methyl-naphthoquinone. 2-methylnaphthoquinone was dissolved in ethanol and diluted into pH 7.52 20 mM HEPES 100 mM KCl; mediators were added. Measurements were performed as described above (E m, pH 7.5 -46 mV). Cyclic voltammetry of heptaNaq in dimethylformamide. Dried fully deprotected heptaNaq was dissolved in anhydrous dimethylformamide to approximately 300 μM. Tetrabutylammonium hexafluorophosphate was added to 100 mM. Cyclic voltammetry experiments were performed in an anaerobic glovebox using a BAS 100B workstation potentiostat. A Pt electrode (1.6 mm diam) was used as the working electrode, a Ag wire was reference, and a Pt wire as the auxiliary electrode. Internal referencing was to ferrocene. 6 At each scan rate, at least five scans were preformed to ensure stability of the system.
